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(57) ABSTRACT

A piezoelectric actuator, in particular for injectors in internal
combustion engines, is provided which includes a piezo-
electric module including a ceramic body and two end
pieces which clamp the ceramic body axially in place, and
an electrical connecting element which is secured on the
piezoelectric module and which includes two contact plates
leading to the ceramic body. To increase the robustness of
the connecting element and to avoid fractures in the contact
plates under high vibrational stresses, the contact plates are
designed as one-piece metal stampings including at least
partially embossed stamped edges.

12 Claims, 3 Drawing Sheets
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1
PIEZOELECTRIC ACTUATOR

FIELD OF THE INVENTION

The present invention is directed to a piezoelectric actua-
tor, in particular for injectors in internal combustion engines.

BACKGROUND

A known injector valve (DE 10 2009 026 532 Al)
includes a piezoelectric actuator for activating a valve
needle, which cooperates with a valve seat to control a valve
opening. The actuator includes a piezoelectric module hav-
ing a ceramic body, which is clamped axially in place with
the aid of a Bourdon spring between two end pieces and
which is made up of a plurality of adjoining piezoelectric
elements, and an electrical connecting element having two
contact plates via which the piezoelectric module is con-
nectable to an electrical connector plug secured to the side
of the valve housing.

SUMMARY

An advantage of a piezoelectric actuator according to
example embodiments of the present invention the present
invention is that a connecting element may be cost-effec-
tively produced by stamping the contact plates out of a sheet
metal blank. The stamping process can produce stamped
edges that include a large, smoothly cut portion and also a
smaller, fractional portion which reveals cracks that result in
fractures in the contact plates when the piezoelectric actua-
tor is under high vibrational stress. With at least partial
embossing of the stamped edges according to example
embodiments of the present invention, the rough cut in the
fractional portion of the stamped edges is compensated by
the introduction of inherent compressive stresses and round-
ings, and thus the robustness of the contact plates against
fractures occurring under vibrational stress is increased
significantly.

According to one advantageous example embodiment of
the present invention, the contact plates include metal sec-
tions which are variously formed and the embossed stamped
edges are present at least partially in selected metal sections.
By restricting the embossing of the stamped edges to metal
sections which are particularly subject to vibrational stress
due to their geometric shape and location in the connecting
element, it is possible to reduce the manufacturing time,
manufacturing costs and tooling costs.

According to one advantageous example embodiment of
the present invention, the transition from sections including
embossed stamped edges to sections without any embossed
stamped edges is designed with a curvature radius. The
radii-shaped transition between embossed and non-em-
bossed sections of the stamped edges reduces the risk of
fracture as a result of the notch effect.

According to one advantageous example embodiment of
the present invention, each contact plate includes a contact
section, a carrier section, a connecting section, and a yoke
section projecting perpendicularly from the carrier section.
The stamped edges are situated in the carrier and yoke
sections at least in the zone of the yoke section that branches
off from the carrier section. The yoke section includes a long
hole with a central axis that extends at a right angle to the
carrier section, is folded by 180° about a center line parallel
to the carrier section, and is rotated by 90° about the axis of
the long hole to form a weld yoke. Each contact plate is bent
in such a way that the carrier section is U-shaped, including
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along leg and a short leg and a cross web that links the legs,
with both the contact section at the end of the long leg and
the connecting section at the end of the short leg projecting
at right angles therefrom, and the yoke section near the long
leg projecting from the cross web, away from the contact
section. The connecting element includes a plastic body
including a hollow cylinder and a bearing flange and which
is spray-molded onto the bent contact plates in such a way
that the connecting sections, with the exception of their open
ends, are encased, the shorter legs of the carrier section
being embedded in the bearing flange and the long legs of
the carrier section being spaced apart on diametrically
opposite sides of the hollow cylinder from the bearing
flange, extending parallel to the latter. The terminal leads of
a resistor are accommodated and welded in the weld yokes
of both contact plates. As a result of such bending of the
contact plates, spray-molding of the plastic body, and secur-
ing of the resistor in the weld yokes, the zone of the carrier
section around the branched yoke section as well as the yoke
section branching off from the carrier section are subject to
the most extreme mechanical stresses, so that embossing of
the stamped edges in this zone of the carrier section and
yoke section takes priority.

According to one advantageous example embodiment of
the present invention, the boundary edges of the long hole in
the yoke section are embossed stamped edges. Embossing
the stamped edges of the long hole averts the risk of the
terminal leads of the resistor breaking under extreme vibra-
tional stress.

The present invention is described in greater detail below
with reference to a specific exemplary embodiment shown in
the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a longitudinal section of a piezoelectric
actuator including a piezoelectric module and a connecting
element, according to an example embodiment of the pres-
ent invention.

FIG. 2 shows a perspective view of the connecting
element of the actuator in FIG. 1, according to an example
embodiment of the present invention.

FIG. 3 shows a top view of the connecting element in the
direction of arrow III in FIG. 2, according to an example
embodiment of the present invention.

FIG. 4 shows a partial section of an enlarged view of the
connecting element in the direction of arrow IV in FIG. 2,
according to an example embodiment of the present inven-
tion.

FIG. 5 shows a top view of two contact plates of the
connecting element in FIG. 2 stamped out of a sheet metal
blank, according to an example embodiment of the present
invention.

FIG. 6 shows a section along line VI-VI in FIG. 5,
according to an example embodiment of the present inven-
tion.

FIG. 7 shows a side view of one of the two contact plates
in FIG. 4 after having been bent according to installation
requirements, according to an example embodiment of the
present invention.

DETAILED DESCRIPTION

FIG. 1 shows a piezoelectric actuator in a longitudinal
section, which piezoelectric actuator includes a piezoelectric
module 11 and a connecting element 12 which is fixedly
attached to piezoelectric module 11. Piezoelectric module 11
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includes in a known manner a ceramic body 13 and two end
pieces 14, 15 which clamp ceramic body 13 axially in place.
Ceramic body 13 is usually made up of a plurality of axially
adjoining piezoelectric ceramic elements. The pressure of
end pieces 14, 15 acting on ceramic body 13 is generated by
a Bourdon spring 16 connected to both end pieces 14, 15.
Connecting element 12 rests on an extension 141 projecting
in one piece from end piece 14 and is secured in end piece
14.

Connecting element 12 shown in perspective in FIG. 2
and in a top view in FIG. 3 includes two contact plates 17,
18 leading to piezoelectric module 11 and a plastic body 19
spray-molded onto contact plates 17, 18. Contact plates 17,
18 are one-piece, metal stampings stamped out of a sheet
metal blank, as shown in FIG. 5. Contact plates 17, 18 bent
in a manner further described below, as shown for contact
plate 17 in FIG. 7, and plastic body 19 is spray-molded to
both bent contact plates 17, 18, resulting in the formation of
a hollow cylinder 191 and a bearing flange 192 for securing
contact plates 17, 18. Contact plates 17, 18 produced by this
stamping process include stamped edges made up of a larger,
smooth cut portion and a smaller, fractional portion. The
fractional portion can include a rough cut and, therefore,
cracks, which may cause fractures in contact plates 17, 18
when connecting element 12 is under high mechanical
stress, for example, vibrational stress of the actuator. To
increase the robustness of contact plates 17, 18, the stamped
edges are partially embossed. For this purpose, after the
stamping process, an embossing die partially encloses con-
tact plates 17, 18 and, via rounded edges, deforms the
stamped edges, thereby introducing an inherent stress. FIG.
6 shows a cross section of contact plate 17 along intersection
line VI-VL, specifically, in FIG. 6a before and in FIG. 65
after embossing of the stamped edges. The rounding of the
previously sharp-edged cross-section is clearly visible.

As is apparent in FIG. 5, contact plates 17, 18 include
metal sections that are variously formed. The embossed
stamped edges are present at least in part in selected metal
sections. A section ‘a’ with embossed stamped edges in both
contact plates 17, 18 is outlined in FIG. 5. In this section, the
lines symbolizing the embossed stamped edges are in bold.
The transition from those sections including embossed
stamped edges to sections without embossed stamped edges
extending on either side is designed with a curvature radius.

Each contact plate 17, 18 includes a contact section 171,
181, a carrier section 172, 182, a yoke section 173, 183
projecting perpendicularly from carrier section 172, 182 and
a connecting section 174, 184. As shown in FIG. 5, the
embossed stamped edges in carrier and yoke sections 172,
182 and 173, 183 are situated in the zone of yoke section
173, 183 which branches off from carrier section 172, 182.
Yoke section 173, 183 includes a long hole 20 whose central
axis runs at a right angle to carrier section 172, 182. The
boundary edges of the long hole are also embossed stamped
edges and are rendered in FIG. 5 in bold. Yoke sections 173
and 183 are folded by 180° about a center line parallel to
carrier section 172, 182 and rotated by 90° about the long
hole axis. This creates a weld yoke 21 on each contact plate
174, 184, as is shown for contact plate 17 in FIG. 7. Each of
yoke welds 21 is used to accommodate a terminal lead 221,
222 of a resistor 22, as may be seen in FIGS. 2, 3 and 4.
Terminal leads 221, 222 are welded in the weld yokes 21.

Each contact plate 17 and 18, as shown for contact plate
17 in FIG. 7, is bent in such a way that carrier section 172
is U-shaped, including a long leg 172a, a short leg 1725 and
a cross web 172¢ that links legs 172a and 1726, with both
carrier section 171 at the end of long leg 1724 and connect-
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ing section 174 at the end of short leg 1726 projecting at
right angles from long leg 172a and short leg 1725, respec-
tively, and yoke section 173 near long leg 172a projecting
from cross web 172¢, away from contact section 171. Legs
182a and cross web 182¢ created by the same bending of
contact plate 18 may be seen in FIGS. 2, 3 and 4. Plastic
body 19 is spray-molded to both contact plates 17, 18 bent
in this manner in such a way that connecting sections 174,
184, with the exception of their open ends, are encased, the
short legs 17256 of the carrier sections 172, 182 being
embedded in bearing flange 192 and long legs 1724, 182a of
carrier sections 172, 182 extending on diametrically oppo-
site sides of hollow cylinder 191 at a distance from and
parallel to bearing flange 192 (FIG. 2).

In the partial, enlarged perspective view of connecting
element 12 shown in FIG. 4, the embossed stamped seg-
ments in carrier section 172, 182 and in yoke section 173,
183 are in turn rendered visible by bolded lines. The inner
edges of weld yokes 21 also include these embossed
stamped edges.

To connect piezoelectric module 11 and connecting ele-
ment 12, connecting element 12 is fitted with hollow cyl-
inder 191 onto extension 141 on end piece 14, the encased
connecting sections 174, 184 of both contact plates 17, 18
being routed through end piece 14 or past end piece 14 (FIG.
1). Both open ends of connecting sections 174, 184 make
contact with a contact screen or contact grid attached by
soldering or resistance welding, for example, to ceramic
body 13. Upon installation of the actuator in a valve, contact
sections 171, 181 are connected electrically conductively to
a plug connection on the side of the valve. Resistor 22
inserted in weld yokes 21 is a high resistance discharge
resistor, the size of which is a function of the capacitance of
piezoelectric module 11. It prevents a voltage potential from
being applied at the plug connection of the valve which is
not permitted for safety reasons.

What is claimed is:

1. A piezoelectric actuator comprising:

a piezoelectric module that includes a ceramic body and
two end pieces which clamp the ceramic body axially
in place; and

an electrical connecting element secured to one of the end
pieces, the electrical connecting element including two
contact plates, each of the two contact plates having
two connecting sections which have open ends that are
guided to the ceramic body, wherein the contact plates
are one-piece, metal stampings including at least par-
tially embossed stamped edges.

2. The actuator of claim 1, wherein the contact plates each
includes different metal sections and the embossed stamped
edges are present at least in part in a subset of the metal
sections.

3. The actuator of claim 2, wherein a transition from the
sections including embossed stamped edges to sections
without stamped edges is designed with a curvature radius.

4. The actuator of claim 2, wherein, with respect to each
of the contact plates:

the respective contact plate includes a contact section, a
carrier section, a yoke section projecting perpendicu-
larly from the carrier section, and the connecting sec-
tion; and

the embossed stamped edges in the carrier and yoke
sections of the respective contactplate are situated at
least in a zone where the yoke section branches off from
the carrier section.
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5. The actuator of claim 4, wherein the yoke section
includes a long hole, boundary edges of which are embossed
stamped edges.

6. The actuator of claim 5, wherein a central axis of the
long hole initially extends at a right angle to a portion of the
carrier section to which the yoke section is attached, the
yoke section being folded by 180° about a center line that is
parallel to a direction in which the portion of the carrier
section to which the yoke section is attached longitudinally
extends, and the yoke section being rotated such that the
central axis shifts by 90°.

7. The actuator of claim 4, wherein, with respect to each
of the contact plates:

the carrier section is bent into a U-shape, including a long

leg, a short leg, and a cross web that links the long and
short legs;

the contact section projects at a right angle from an end of

the long leg;

the connecting section projects at a right angle from an

end of the short leg; and

the yoke section projects from the cross web near the long

leg and away from the contact section.

8. The actuator of claim 7, wherein:

the connecting element includes a plastic body that

includes a hollow cylinder and a bearing flange;
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the plastic body is spray-molded to the bent contact plates
in such a way that the connecting sections, with the
exception of respective ends of the connecting sections,
are encased;

the short legs of the carrier sections are embedded in the

bearing flange; and

the long legs of the carrier sections extend on diametri-

cally opposite sides of the hollow cylinder at a distance
from, and parallel to, the bearing flange.

9. The actuator of claim 8, wherein terminal leads of a
resistor are accommodated and welded in the welding yokes
of the contact plates.

10. The actuator of claim 8, wherein:

the hollow cylinder is fitted onto an extension that proj-

ects from the end piece to which the electrical connect-
ing element is secured;

the encased connecting sections of the contact plates are

routed at least one of through and past the end piece.

11. The actuator of claim 10, wherein the extension and
the end piece to which the electrical connecting element is
secured are formed as a single integral element.

12. The actuator of claim 1, wherein the actuator is
adapted for an injector in an internal combustion engine.
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